[Abstract] Minichromosomes are small, autonomously functioning chromosomes that exist separately from the normal chromosomal set. Creation of minichromosomes in plants relies on telomere truncation to remove the chromosome arms and the native telomere sequence and replace them with a transgene together with a new telomere sequence to generate a modifiable small chromosome. Telomere truncation has been accomplished utilizing both Agrobacterium tumefaciens, in which a telomere repeat sequence is cloned into the transformation vector near the right border, and particle bombardment, in which the genes of interest and telomere sequence are co-introduced into the plant. In this protocol we will describe the methods for introducing telomere sequences to both Agrobacterium and gold particles, as well as the methods required to verify that these sequences are intact.
specification was established. This protocol describes the procedure to generate these initial truncated minichromosomes.
The process of creating minichromosomes utilizes standard plant transformation protocols.
The only modification is the addition of telomere sequences to the transformation construction so that both a transgene and telomere sequence are introduced into a double stranded break during the transformation process. In some cases, the introduced telomere sequence is recognized by telomere elongation machinery and converted into a functioning telomere. As a result, the acentric fragment distal to the insertion point will be lost, and a minichromosome will be created.
Telomere truncation works well with both Agrobacterium tumefaciens and particle bombardment transformation techniques. Using Agrobacterium, successful minichromosome creation relies on inclusion of telomere sequences in the transformation construct. With particle bombardment, telomere sequences are simply added to the DNA mixture that is adhered to the gold beads before transformation is performed. While the length of telomere sequence required for telomere truncation is not known, a study in Arabidopsis thaliana successfully created truncated chromosomes with telomere repeats as short as 100 bp (Nelson et al., 2011) . The study also found, however, that longer telomere sequences were more likely to induce truncation events. As a result, it is suggested that the largest amount of telomere that can be reasonably obtained be used during transformation.
While the concept of including telomere sequences in transformation is relatively simple, working with telomere sequences using current molecular cloning techniques is challenging.
The repeated nature of the sequences and the high GC content are inhibitive to polymerase function. As a result, protocols reliant on polymerase function, such as PCR or Sanger sequencing, are not efficient. Additionally, oligonucleotide synthesis technologies are limited for producing telomere repeat sequences at the time of this writing. Traditional cloning utilizing restriction enzymes has been most successful in our work. Isolated telomere sequences, when subjected to agarose gels, do not migrate at the expected sizes, but instead are found as discreet bands or smears throughout the gel, probably because they adopt various secondary structures. Additionally, purification of telomere sequences with gel or column purification is usually inefficient unless the DNA is present in large amounts, making traditional cloning difficult.
Adding to these challenges is the observation that long telomere sequences are unstable in microbial cells, and have a tendency to be deleted and shortened over time. As a result, Stbl cells (Invitrogen), which possess the recA1 genotype and are specifically designed to prevent repeated sequences from recombination and thus rearrangement, must be used to maintain the repeat, and multiple clones should be isolated and screened to ensure the full size is present.
Additionally, when a clone has been isolated, which contains the desired telomere insert, it is often useful to make a large plasmid extraction that is stored in addition to bacterial stocks.
In order to generate engineered minichromosomes, the protocols presented below were developed. For cloning purposes, the telomere sequence is excised from a gel and ligated to the target plasmid within the agarose mixture. The source of the telomere sequence is plasmid http://www.bio-protocol.org/e1595 Vol 5, Iss 18, Sep 20, 2015 Copyright © 2015 The Authors; exclusive licensee Bio-protocol LLC.
3 pWY82 (Yu et al., 2006) , which contains 2.6 kb of the telomere repeat (TTTAGGG). For particle bombardment, primers are used with a modified PCR program to amplify the telomere repeats, which are gel purified and added to gold particles together with the construct of interest.
Whether truncation will be performed with Agrobacterium or particle bombardment, the standard transformation protocol for the species of interest can be followed. Fluorescence insitu hybridization is then performed to determine if a minichromosome has successfully been produced (Yu et al., 2007) . 24. LB plates (see Recipes) 25. 2x YT broth (see Recipes) 26. Spectinomycin (see Recipes) 27. TAE (see Recipes) 2. Begin a 3 ml starter culture with a single colony of pWY82 in 2XYT media with 100 mg/ml spectinomycin and grow for 48 h at 30 °C and 250 rpm.
Materials and Reagents
Note: pWY82 is a slow growing plasmid. 10. Add 15 μl of 6x loading dye to each reaction.
11. Fill the electrophoresis chamber with cold 1x TAE and carefully insert the gel.
Caution: Low melting point gels are extremely fragile.
12. Load each restriction digest completely into the gel.
13. Load 6 μl of GeneRuler 1 kb DNA Ladder next to each restriction digest lane.
14. Run the gel in a 4 °C cold room at 100 V until the lower band of loading dye has reached the bottom of the gel.
15. Carefully transfer the gel to a dish containing 1x TAE and 0.5 μg /ml ethidium bromide and stain for 30 min. 17. Carefully excise the uppermost visible telomere band and the target plasmid backbone with a scalpel and place into separate 1.7 ml tubes ( Figure 2) . 21. Prepare ligase mixture in a separate 1.7 ml tube while agarose cools (Table 1) . 27. Completely remove water from dialysis and add 50 μl of fresh nuclease free water.
Place tube in a 70 °C water bath for 10 min, or until completely melted.
Note: Gently flick tube every minute to ensure gel is completely melted. 29. Plate 100 μl of the transformation preparation onto pre-warmed LB plates containing the appropriate antibiotic and incubate at 30 °C until colonies appear.
Note: Due to the lower temperature, colonies may take 2 days to appear on plates.
30. Screen for positive colonies with either colony PCR or colony hybridization. Figure 3 below.
Note: Screening for positive colonies: Due to the repetitive nature of the telomere, it is not advisable to screen colonies by amplifying across the telomere insertion site, as most PCR reactions will fail. Instead, colony PCR can be carried out using a forward primer that anneals 5' to the insertion site in the target plasmid, and a reverse primer that anneals to a site 5' to the telomere repeat in pWY82 that is also inserted into the target plasmid as shown in

It is important to ensure good primer function in each plasmid before attempting colony PCR. The primer pWY82R with the sequence 5' GTGGGACCCGAGGGAATC 3' has been routinely used as the reverse primer in colony PCR.
Figure 3. Primers for colony PCR should be chosen that border the insertion point, and do not amplify the telomere repeat
Alternatively, entire plates of colonies can be screened for the presence of telomere by colony hybridization (Sambrook et al., 1989 Elute plasmid extraction into 40 μl of warm (55 °C) nuclease free water.
4.
Perform a restriction digest on 1 μg of each plasmid in a 20 μl total volume using enzymes that will cut as close to the telomere insert as possible on both ends so the telomere insert is excised. Additionally, cut pWY82 with enzymes that will also excise telomere insert for reference.
5. Pour a standard 1% (w/v) 1x TAE agarose gel using combs large enough to fit the entire restriction digest.
6. Once the restriction digest is complete, add 5 μl 6x loading dye to each reaction.
7.
Load each digest into the agarose gel and run at 100 V until the lower band has reached the bottom of the gel.
8. Carefully transfer the gel to a dish containing 1x TAE and 0.5 μg/ml ethidium bromide and stain for 30 min.
9. Visualize DNA with UV light.
Note: Due to the secondary structure of telomere, estimation of telomere size from a restriction digest will be unreliable.
Transfer the DNA to a nitrocellulose membrane by Southern transfer (Green and
Sambrook, 2012).
11. Hybridize the membrane with a radiolabeled oligonucleotide and compare to the size standard to estimate telomere size (Green and Sambrook, 2012) .
Note: An oligonucleotide of sequence (TTTAGGG) 10 is extremely sensitive for detecting the presence of telomere.
C. Telomere PCR protocol to generate telomere fragments
Telomere fragments of varying sizes can be generated using PCR for use in the co- can be performed using cytological techniques, such as fluorescent in situ hybridization (Yu et al., 2007) . These methodologies should allow for the creation of telomere DNA of desired size, inclusion into a vector if so desired, introduced into the species of choice, and selection for truncated chromosomes.
Recipes
LB broth
For 500 ml of culture media, dissolve 12.5 g of LB media in 400 ml of water Bring final volume to 500 ml and autoclave for 20 min
LB plates
For 500 ml of media, dissolve 12.5 g of LB media and 6 g of agar in 400 ml of water Bring final volume to 500 ml and autoclave for 20 min Allow to cool to 50 °C and add appropriate antibiotics Gently swirl and add thin layer to petri dishes Allow to cool then invert and store at 4 °C
2x YT broth
For 500 ml of culture media dissolve 15.5 g of 2x YT powder in 400 ml of water Bring final volume to 500 ml and autoclave for 20 min 4. Spectinomycin (100 mg/ml) For 10 ml of stock, add 1 g of spectinomycin to 10 ml of autoclaved water in a 15 ml conical tube
Invert until completely dissolved and filter sterilize with a 0.2 micron filter Aliquot 500 μl into 1.7 ml tubes and store at -20 °C
TAE
To make 1 L of 50x TAE stock add 242 g trizma base, 14.6 g ethylenediaminetetraacetic acid (EDTA), and 57.1 ml of acetic acid to 500 ml of water http://www.bio-protocol.org/e1595 Vol 5, Iss 18, Sep 20, 2015
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Bring total volume to 1 L with water Dilute to 1x working stock with water
